Isolates belonging to the "Streptococcus millen'" species group that appear to exhibit a gliding type of motility, which is expressed as spreading growth on certain types of agar media, are described. These strains resembled a biotype of "S. millen'" that is usually isolated from genitourinary sources and is notable for its ability to ferment a wide array of carbohydrates. This biotype, which is currently included in the species Streptococcus anginosus, has been implicated in cases of neonatal infection. The '3. millen'" isolates which we studied lacked any observable organelles of motility and gave negative results when they were tested in conventional motility test medium stab cultures. Colonies growing on certain agar media, however, spread over the surfaces of plates and increased in area with increasing time of incubation. Chocolate agar supported maximum spreading, while this characteristic was barely discernible on blood agar. Electron microscopy studies revealed that there was more production of extracellular glycocalyx by motile strains than by a nonmotile isolate having a similar biotype. The results of an analysis of 16s rRNA gene sequences suggested that the motile strains are closely related to S. anginosus and represent a distinct rRNA population within the "S. millen'" species complex.
In contrast to other viridans streptococcal strains, organisms classified in the species "Streptococcus millen" are notable as agents of purulent infections. "S. millen" isolates exhibit heterogeneous hemolytic, serological, and physiological reactions and have been repeatedly classified and reclassified as members of either a single species or a number of separate species; this has led to confusion concerning the identification and nomenclature of these organisms. In classification schemes in which a single species has accommodated these streptococci, a distinct biotype capable of fermenting a wider array of carbohydrates (e.g., mannitol and raffinose) than other strains was found to be readily isolated from female genital tracts and urine cultures (1, 16 ). In the current taxonomic scheme (17) approximately 75% of the strains that ferment mannitol or raffinose are identified as Streptococcus unginosus, one of the three species currently included in the "S. millen" group.
In addition to participation in purulent abscesses in internal organs, "S. milleri" group isolates which have not been otherwise biotyped have been identified as agents of infected abortion (10) . In some studies in which biotyping was performed, the mannitol-and raffinose-fermenting biotype was identified as a colonizer of a premature infant (13) and as an agent of neonatal sepsis (3) . In this paper we describe genitourinary isolates that resemble the mannitol-and raflinose-fermenting biotype and produce unusual spreading colonies on certain agar media. Our observations suggest that these strains exhibit some type of gliding motility and produce greater than normal amounts of extracellular polysaccharide. Expression of such characteristics in vivo might contribute to the ability of these strains to colonize and cause infection.
MATERIALS AND METHODS
Bacterial strains and cultivation. "S. milleri" SJMC and H535 were recovered from urine and cervical-vaginal cultures, respectively, at the St. Jude Medical Center in Fullerton, Calif. Strains MGH, 69130, and 757 were isolated at the Massachusetts General Hospital, Boston, from a urine culture (69130), a culture of a Bartholin cyst (757), and an unrecorded source (MGH). Strains SJMC, * Corresponding author. Phone: (617) 726-3611. Fax: (617) 726-5957. H535 , MGH, and 69130 were capable of forming spreading colonies, but strain 757 produced entire colonies that did not spread even after prolonged incubation. Strain 757 and clinical isolates of viridans streptococci and enterococci, including strains previously identified (15) as Enterococcus gallinarum (two strains) and Enterococcus casseliflavus (three strains), were used as controls in various studies.
Bacteria were routinely cultured on either brucella agar supplemented with horse blood (BBL, Becton Dickinson Microbiology Systems, Cockeysville, Md.) or chocolate agar (RemeI, Lenexa, Kans.). Chocolate agar obtained from other sources (Adams Scientific, Inc., West Warwick, R. I., and BBL) was also used in some studies. Brain heart infusion agar was obtained from BBL. The chocolate agar prepared in our laboratory contained 1.5% proteose peptone no. 3 (Difco Laboratories, Detroit, Mich.), 0.1% corn starch (Best Foods Div., CPC International, Englewood Cliffs, N. J.), 0.4% dibasic potassium phosphate (Mallinckrodt Chemical Works, St. Louis, Mo.), 0.1% monobasic potassium phosphate (Sigma Chemical Co., St. Louis, Mo.), 0.5% NaCl (Fisher Scientific, Pittsburgh, Pa.), 1.0% agar (Difco), 1.0% hemoglobin (Difco), and 1.0% IsoVitaleX (BBL). Unless indicated otherwise, cultures were routinely incubated at 35°C in an atmosphere containing 5% COP Long-term storage of isolates was accomplished by suspending growth from agar media in sterile horse blood (BBL) and freezing the preparations at -70°C.
Identification methods. The API Rapid Strep system (BioMeriew Vitek, Inc., Hazelwood, Mo.) was used to determine physiological characteristics of the strains.
The identities of spreading strains SJMC, H535, MGH, and 69130 were further investigated by determining their 16s rRNA gene sequences. Chromosomal DNA was prepared as described by Lawson et al. (9) , and 16s rRNA genes were amplified by PCR and were sequenced directly by using a Sequenase version 2.0 sequencing kit (U.S. Biochemicals) as described previously (7) . Levels of sequence similarity were calculated, and a phylogenetic tree was constructed by using the neighbor-joining and maximum-likelihood methods.
Motility studies. Strains were inoculated into duplicate tubes containing motility test medium (Becton Dickinson) and incubated at either 30 or 35°C for up to 72 h before a negative reaction was recorded (5) .
The swarm assay method of Wolfe and Berg (18) was used to measure spreading of bacteria over agar surfaces. Bacteria grown on chocolate agar were suspended in saline, and the turbidity was adjusted to the turbidity of a no. 0.5 McFarland standard. The suspension was diluted 1/100 in saline to produce a bacterial concentration of approximately lo6 CFU/ml. Aliquots (5 p,l) of this suspension were placed in the centers of agar plates. For each plate the diameter of the area of growth radiating from the inoculation point was measured with calipers after 24 and 48 h of incubation at 35°C in the presence of 5% CO,.
Microscopy. Wet mounts of bacteria were prepared from growth on agar plates, as were smears for the flagellar stain. The flagellar stain reagent was obtained from Carr-Scarborough Microbiologicals, Inc., Stone Mountain, Ga., and the instructions of the manufacturer were followed. A clinical isolate of Pseudomonas fruorescens was used as a positive control for the flagellum stains.
Bacteria were grown for 24 h on chocolate agar before they were processed for electron microscopic studies. Representative colonies were chosen and removed from the plates by cutting out blocks of agar (approximately 0.5 cm on each side). The blocks were then pinned to dental wax (to maintain the proper orientation)
. or Streptococcus salivanus and fixed for 1.5 h in KII fixative (2.5% glutaraldehyde, 2% formaldehyde, 0.25% CaCl, in 0.1 M cacodylate buffer; pH 7.4). The blocks were postfixed with osmium tetroxide, stained with uranyl acetate, dehydrated in graded ethanol solutions, and infiltrated with propylene oxide and Epon mixtures. Before they were embedded in Epon, the agar blocks were carefully removed from the dental wax, cut into quarters, and turned 90" so that upon sectioning full-thickness cross sections could be obtained. Ruthenium red staining was performed by using the method of Mills et al. (11) . After polymerization of the Epon, 1-pm sections were cut and stained with toluidine blue until the bacteria were visible by light microscopy. Representative colonies were chosen, and thin (gray to silver) sections were cut, stained with Sato's lead, and examined with a Philips model 301 electron microscope.
Nucleotide sequence accession numbers. The 16s rRNA gene sequences of strains 69130, MGH, and SJMC which we determined have been deposited in the EMBL Data Library under accession numbers X78825, X78826, and X81023, respectively.
RESULTS
The phenotypic characteristics of the strains which we studied resembled those of a biotype belonging to the "S. milleri" species group noted for its extended fermentation ability. Table 1 shows the API Rapid Strep profiles and identities of the four motile strains and one nonmotile control strain. Phenotypically, the motile strains were either identical or very similar to mannitol-and raffinose-fermenting biotype 3 of "S. milleri" as defined by the API database. All five isolates gave positive reactions in the API tests for production of acetoin, alkaline phosphatase, leucine arylamidase, arginine dihydrolase, hydrolysis of esculin, and acidification of trehalose. All of the isolates were negative for hydrolysis of hippurate, production of pyrrolidonyl arylamidase, beta-glucuronidase, and beta-galactosidase, and acidification of arabinose, sorbitol, and inulin. The results of tests for which variable reactions were observed are shown in Table 2 .
In order to assess whether the strains which we studied were really members of the "S. milleri" species group or merely a The values on the upper right are percentages of similarity, and the values on the lower left are numbers of nucleotide differences. We compared approximately 1,340 nucleotides in this analysis.
We used the consensus sequence obtained with three isolates for this analysis.
phenotypically similar strains, they were also examined by using molecular taxonomic methods. The almost complete 16s rRNA gene sequences of strains 69130, MGH, and SJMC were determined by PCR direct sequencing. All three strains exhibited >99.9% sequence relatedness with each other. Significant, albeit lower, levels of sequence similarity (approximately 97 to 98.5%) were observed with other species belonging to the "S. milleri" species group (Table 3) . Most of the differences between the unknown motile strains and other species belonging to the "S. milleri" complex occurred in variable region V6 (approximately position 1050 to position 1100 in the Escherichia coli numbering system). Differences in this diagnostic region between motile strains and the other species are shown in Fig. 1 .
Wet mounts of spreading growth obtained from agar media were examined for evidence of motility. The cells did not exhibit any discernable net movement.
Flagella were not observed when we examined stained preparations of streptococci made with cells obtained from spreading growth on chocolate agar. In contrast, flagella were observed in control P. fluorescens, E. gallinarum (one strain), and E. casseliflavus (one strain) preparations. Only occasional enterococcal cells or pairs of cells appeared to have a polar flagellum.
All five enterococcal strains examined (two E. gallinarum strains and three E. casseliflavus strains), but none of the five "S. milleri" strains examined (four spreading strains and one nonspreading strain), were positive for motility when we used duplicate tubes containing motility test medium. The enterococci exhibited no spreading behavior on streaked blood or chocolate agar, while the spreading streptococci strongly exhibited this trait on chocolate agar.
In order to study this phenomenon in a semiquantitative manner, we used a plate assay in which the diameter of the circular growth zone emanating from a 5-k.1 drop of standardized inoculum was measured. Figure 2 shows the typical appearance of plates inoculated by this method. Figure 3 shows that the growth zone diameters of the spreading streptococci were larger than those of a nonmotile "S. milleri" biotype 3 strain .
Electron microscopy studies were performed to further investigate any distinctive structural features of the motile strep- 
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FIG. 2. Spreading growth of "S. milleri" strains. The centers of Remel chocolate agar plates were inoculated with 5-pl portions of suspensions containing approximately lo6 CFU/ml. Plate A, growth of the nonmotile "S. milleri" biotype 3 control strain after 24 h of incubation; the diameters of the growth zones of this strain increased only slightly between 24 and 48 h (see Fig. 3 ). Plates B and C, spreading growth zones of motile strain 69130 after 24 and 48 h of incubation, respectively. All cultures were incubated at 35°C in the presence of 5% COz.
tococcal strains. Figure 4 shows the typical appearance of uranyl acetate-and ruthenium red-stained cells of motile strains and the nonmotile control strain of "S. millen" biotype 3 grown on chocolate agar. More glycocalyx-like extracellular material surrounding cells and in extracellular spaces was routinely observed in motile strains than in the control strain.
DISCUSSION
The mechanism of gliding motility in bacteria is a poorly understood process that cannot be linked to any identifiable cellular organelles (12) . Our observations, which suggest that "S. millen" strains are capable of a gliding type of motility on agar surfaces, represent the first report of this activity in streptococci and, to the best of our knowledge, in gram-positive bacteria. While motility has been described in members of the genus Enterococcus, these organisms give positive reactions in motility test medium and do not spread over agar surfaces. Although the negative reactions in motility test medium exhibited by the streptococcal strains might have been due to a lack of motility-fostering nutrients in the medium, the spreading behavior observed on chocolate agar distinguished these isolates from motile enterococci.
Although uncommon, flagella have been found in a few genera of gram-positive cocci; Planococcus cells produce one or two polar flagella (8), members of the genus Vagucoccus have been described as being motile by means of peritrichous flagella (2), and in this study we observed structures resembling flagella in two strains of motile enterococci. Flagella were not observed when the motile "S. milleri" strains were examined with the flagellum stain and with an electron microscope. These negative results do not preclude the presence of flagella; the flagella may have been destroyed during processing of the bacteria. Subjective interpretation of wet mounts suggested that the motile "S. millen" strains displayed oscillating movement greater than that expected from Brownian motion, a characteristic that might be related to the motility of these organisms.
The strains of "S. millen" which we examined share some common traits with other gliding bacteria, such as Capnocytophaga strains and other members of the order Cytophagales (12) . They produce no observable locomotory organelles, but do seem to express extracellular slime. The results of electron microscopy studies suggested that our motile strains produced more extracellular polysaccharide than the nonmotile control strain belonging to the same "S. millen" biotype.
Using the semiquantitative plate assay (data not shown), we were not able to identify any specific factors in agar media that enhanced motility in the streptococcal strains which we studied. The chocolate agar that supported maximum spreading (the chocolate agar from BBL) contained more agar (1.2% agar) than the other two chocolate agars tested (1.0% agar). The results of previous studies (4, 6) suggested that the slime isolated from staphylococci grown on solid media was derived from agar. If some type of agar-derived extracellular polysaccharide is involved in the motility of the "S. millen" strains, perhaps agar content in the medium plays a role in enhancing motility. However, media on which no appreciable spreading was observed contained even higher agar concentrations than the chocolate agar that supported maximum spreading (brain heart infusion agar contained 1.35% agar and horse blood agar contained 1.5% agar).
The observed dependence of motile behavior on the growth medium could also be explained by differences in nutrients or in the levels of certain nutrients in the media tested. Attempts to modulate levels of various chocolate agar ingredients were thwarted when our in-house preparations of chocolate agar failed to support spreading behavior. While BBL chocolate agar supported the most vigorous spreading behavior of our strains, few differences could be detected in the basic formulas of this medium and the media of two other manufacturers. In addition to the difference in agar concentration mentioned above, the Remel medium contained 5.0% NaCl, compared with 0.5% NaCl in the media from BBL and Adams Scientific.
In order to obtain information concerning the incidence of the spreading phenomenon, we examined 59 previously collected viridans streptococcal isolates that had been stored frozen for different periods of time. While none of the 43 non-"S. millen" biotype 3 viridans isolates which we surveyed produced spreading colonies on chocolate agar, this trait was exhibited by 3 of the 16 previously collected "S. millen" biotype 3 strains examined (unpublished observation). The unusual motile behavior of these isolates was not noted when they were originally studied because they were never grown on chocolate agar. This observation suggests that spreading behavior may be fairly common in this biotype of "S. millen"; routine use of blood agar instead of chocolate agar for streptococcal culture would preclude observation of spreading colonies.
A comparative analysis of 16s rRNA gene sequences revealed that motile strains 69130, MGH, and SJMC are genealogically members of the "S. millen" group of species. The motile strains clearly represent a distinct rRNA population within this species complex; the closest relative of this population is S. anginosus, while Streptococcus constellatus and Streptococcus intermedius are more distantly related. The level of 16s rRNA sequence divergence (1.5%, corresponding to 20 base differences in a comparison of 1,340 nucleotides) between the motile strains and S. anginosus, together with a characteristic sequence in variable region V6 (a diagnostic region permitting clear differentiation of species within the "S. millen" complex), strongly suggests that the unknown strains represent a new genomic species. However, chromosomal DNA-DNA pairing studies will be necessary to confirm the separateness of this group.
The apparent gliding motility of the "S. millen" strains described above may provide some advantage for colonization in vivo. The ability to move across surfaces and the production of extracellular material may aid in establishing populations of an organism on host tissue. Despite observations that in vitro growth conditions affect extracellular polysaccharide production in both staphylococci and streptococci, the results of studies of infected catheters and heart valves suggest that such polysaccharides do play a role in in vivo infection (4,6,11,14) .
The mechanism of the apparent gliding type of motility exhibited by the "S. milleri" strains which we examined was not fully elucidated by the studies described above. However, our findings do provide a description of an unusual characteristic that has not previously been described in streptococci. Further studies are needed to investigate the clinical significance, if any, of this unusual trait.
